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Abstract
Grassland habitat degradation intensified in the last century worldwide and 
in Europe. In Romania, substantial areas of biodiverse grassland habitats that 
persisted due to small-scale farming are now threatened by recent land-use inten-
sification. However, data regarding the deviation from grazing optimum, essential 
for management plans encompassing both socioeconomic sustainability and 
environment conservation, are not yet available. To fill this gap, detailed statistics 
of the stocking rate and its deviation from optimum were generated by spatial 
modeling techniques. A toolbox was developed to assess such deviations inside or 
outside the Natura 2000 Network of protected areas. The analysis covered an area 
of 33529.42 km2, corresponding to all the Romanian permanent grasslands within 
the land parcel identification system. The results indicate that over half of this area 
is degraded, mostly from overgrazing. Less than 10% is not impacted by inadequate 
livestock density. Of the national grassland area, 17.34% is included within the 
Natura 2000 protected sites, indicating the substantial overlapping of agricultural 
and protection activities. For this category, the degraded area is slightly lower than 
at the national level (50.34% vs. 52.45%). These results can be applied for envi-
ronmental conflict anticipation and optimal management of grassland habitats to 
achieve both socioeconomic and conservation objectives.
Keywords: vegetation, carrying capacity, grazing livestock density,  
grassland degradation, Natura 2000 Network, spatial modeling
1. Introduction
Grasslands are defined as herbaceous vegetation habitats with a low cover of 
woody vegetation, dominated mostly by grass species (family: Poaceae) [1, 2]. They 
play an important role in livestock farming but also in environmental and biodiver-
sity conservation [3–7]. Therefore, agricultural production and nature conservation 
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compete for the many different services that grassland habitats provide [8–10]. 
Although the value of grasslands, from a socioeconomic perspective and for the 
environmental services provided, is widely recognized, their degradation process 
is continuous and global [1, 11–13]. Grassland degradation generally implies a 
negative reduction in biodiversity, vegetation coverage, plant height, and biomass 
production [14–16]. Also, the deterioration of ecosystem services and functions was 
also included in this definition [1, 17]. The degradation process generates a series 
of ecological problems—loss of biodiversity, carbon sink, and water storage capac-
ity—as well as the intensification of soil degradation and dust storms [3, 6, 18].
Worldwide, up to 50% of grasslands are affected by degradation, mainly due 
to human activities and climate change [12, 13, 19]. Several studies reveal that 
land-use changes are responsible for up to 66% of the grassland degradation, 
whereas the climate dynamics account for approximately 20% [13, 14, 19, 20]. At a 
European level, climate is the primary degradation agent in some areas of Northern 
and Northwestern Europe and the southern part of European Russia, but in most 
areas, including Eastern Europe, degradation is mainly caused by land-use issues 
[13, 21]. Sudden changes in land-use intensity such as overgrazing or abandonment 
of traditional farming practices are among the main factors identified to cause the 
degradation of grassland habitats [13, 22–25]. The alteration of agricultural prac-
tices (intensification or abandonment), along with the area of degraded grasslands 
and the associated environmental problems, shows an upward trend [26–28].
The most important policies aiming to manage and mitigate these issues 
that have been developed within the European Union (EU) are the Common 
Agricultural Policy (CAP) framework and the Environmental Directives (especially 
Habitats Directive 1992/43/ECC-HD and Birds Directive 2009/147/EC-BD). For 
grassland habitats, these policies mainly focus on agricultural production (livestock 
density) and, respectively, on biodiversity conservation. The CAP directives include 
livestock density determination according to the grassland carrying capacity, while 
the Habitats Directive (1992/43/ECC) implements the conservation of the habitats 
of community importance which were selected according to their structure (floris-
tic diversity) and environmental ecological functions. The favorable conservation 
status of these habitats must be reached or maintained within all the sites which are 
included in the European Natura 2000 Network (N2000). The network includes a 
large number of protected areas (27863 sites), being acknowledged as one of the 
world’s most effective legal instruments for biodiversity and nature conservation, 
with an important function in conserving Europe’s natural capital. It is estimated 
that approximately 16% of the habitats in N2000 areas depend on a perpetuation of 
extensive farming practices and especially on maintaining the extensive manage-
ment of grasslands [29]. In the EU-27, approximately 18% of the permanent grass-
lands are within the protected N2000 Network [30]. However, the effects of grazing 
livestock density (stocking rate) on the grassland habitats protected within N2000 
sites have rarely been considered so far, particularly the context of their actual 
spatial overlap. Moreover, for some countries hosting very large areas of permanent 
grasslands in the EU (e.g., Romania), spatially detailed data at the landscape level 
are not yet available, although the agricultural statistics are reported at the national 
level by each member state. For instance, the spatial distribution of livestock in 
Europe was modeled using statistical downscaling of province-level livestock statis-
tics [31], but the possible deviations from the grassland habitats’ optimal livestock 
density (carrying capacity) are not yet assessed.
This paper aims to evaluate the degradation status of grassland habitats by 
modeling and mapping the grazing livestock density and the subsequent deviations 
from the optimal grassland carrying capacity within and outside the N2000 sites 
from Romania. The permanent grassland habitats from Romania are among the 
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most extensive and diverse from the EU [23, 32]. They cover more than 45,000 km2, 
which represents 8% of EU-27 permanent grassland habitats. Only the UK (17%), 
France (15%), Spain (15%), and Germany (9%) have a larger grassland area [32]. 
Also, the legally protected Sites of Community Importance (SCI) from N2000 
Network which are designed for the conservation of all the habitats enlisted in the 
HD now cover 16.7% of the EU land surface and 19.5% of Romania’s total territory. 
Detailed knowledge regarding the spatial patterns of grazing intensity within and 
outside the N2000 sites is therefore needed in order to identify the areas where 
the intensity of agricultural practices is divergent from optimum and particularly 
where these and nature conservation efforts overlap. Also, the identification of such 
areas may serve as a basis for land managers and agriculturists but also for the orga-
nizations involved in biodiversity conservation to better design the grazing patterns 
and protection measures in order to avoid grassland degradation either by intensifi-
cation or abandonment. In the context of the high value of grassland habitats, both 
from socioeconomic and ecological reasons, this approach provides a meaningful 
perspective on the relationship between agricultural land values and nature con-
servation for all relevant stakeholders. This insight could further support policies 
aiming at a future conflict-free combination of agricultural production and nature 
conservation. Detailed statistics regarding the deviation from the optimal livestock 
density were generated by spatial modeling techniques in a geographic information 
system (GIS) environment. A GIS toolbox was developed for the spatial modeling 
of these deviations inside or outside of the protected areas. This can be used for the 
environmental conflict anticipation and subsequent management of the grassland 
habitats so that both socioeconomic and conservation targets are achieved.
2. Materials and methods
2.1 Study area
Romania (area 238397 km2; capital Bucharest 44°25′57″N, 26°06′14″E) is located 
in Southeastern Europe, bordering on the Black Sea and the Danube, with the 
Southeastern Carpathian Mountains in its center (Figure 1). The natural landscape 
includes almost even proportions of mountains (31%), plains (33%), and hills 
(36%) that expand rather uniformly from the mountains, reaching elevations above 
2500 m, to the Danube Delta, a few meters above sea level. The climate is transi-
tional between temperate and continental. The average annual temperature goes 
from 11°C in the south to 8°C in the north. Annual precipitation decreases eastward 
and downward, averaging up to 1010 mm in some mountainous areas, 635 mm in 
the Transylvanian Plateau, 521 mm in Moldavia, and only 381 mm in Dobruja and 
close to the Black Sea.
The Corine Land Cover dataset [33] reports for Romania the following land 
cover classes: artificial areas (5.34%), arable land and permanent crops (39.37%), 
pastures mosaics (17.65%), forested land (31.68%), seminatural vegetation (2.78%), 
open space and barren soils (0.10%), wetlands (1.35%), and water bodies (1.69%). 
The General Agricultural Census in Romania, performed in 2010, indicates that 
the permanent grasslands cover 44940 km2, including both grazed pastures and 
hay meadows, that together make up about 33% of total utilized agricultural land 
[32, 34]. The greatest surface covered by permanent grasslands is in the Carpathian 
Mountains region and in the Transylvanian Plateau, where every county has 
between 1000 and 3500 km2 of grassland.
The geomorphological and climatic diversity of Romania, the geographical posi-
tion at the intersection of several floristic provinces, and the extensive traditional 
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land use all contribute to the vegetation diversity [35, 36], reflected also in the large 
variety of grassland habitat types [4, 37, 38]. Most herbaceous vegetation types 
(except ruderal) are comprised in 15 N2000 grassland habitat types [39, 40].
The Romanian grassland habitats are diverse, including dry grasslands, mesoph-
ilous grasslands, high-mountain grasslands, and wet grasslands. The detailed 
description of the floristic structure specific to these vegetation types can be found 
in phytosociological studies [41] and the Romanian grassland inventory [42]. 
According to the latter source that mapped an area of 3900 km2, the best-repre-
sented habitat types were mesophilous (39.1%, mostly Arrhenatheretalia vegetation 
order) and dry grasslands (38.2%, mostly Festucetalia valesiacae), followed by high-
mountain grasslands (12.7%, Nardetalia, Caricetalia curvulae etc.), wet grasslands 
(5.35%, mostly from Molinietalia), and ruderal-degraded grasslands (4.2%).
2.2 Data and spatial modeling
The spatial distribution of the deviations from the optimum livestock density 
(DEVOLD) was modeled in GIS in order to quantify and map its effect on the 
Figure 1. 
The geographical position (a) and the elevation model (b) of Romania.
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grassland habitat degradation status throughout the grassland habitats from 
Romania. The data presented in Table 1 were geoprocessed in ModelBuilder, and a 
GIS toolbox was developed for analyzing the DEVOLD (grazing carrying capacity). 
All the GIS processing and spatial analysis were performed using ArcGIS 10.5 [43].
This study encompassed all the permanent grassland polygons (GP) 
(33529.42 km2) which are included in the Land Parcel Identification System from 
Romania [44]. The permanent grassland area is the land used to grow grasses or 
other herbaceous forage that is not subject to crop rotation for at least 5 years or 
longer [32, 34, 44]. Also, the data regarding the area (40451.91 km2) covered by all 
the 435 Romanian Sites of Community Importance (ROSCI) was included in the 
model. The dataset with the numbers and types of livestock from each TAU was 
downloaded from the National Statistics Institute of Romania [34]. The total num-
ber of the different livestock types (animal heads) was recorded during the General 
Agricultural Census from 2010 for 3177 TAUs from 41 counties. Only the following 
types of grazing livestock were included in the analysis: cattle (dairy and beef), 
sheep, goats, horses, donkeys, and mules. Livestock numbers were converted into 
livestock units (also called animal units) using specific coefficients indicated in the 
official Romanian guidelines [45]. The livestock unit (LU) is a reference unit which 
facilitates the aggregation of livestock from various species and ages. One LU is 
the grazing equivalent of one adult dairy cow producing 3000 kg of milk annually, 
without additional concentrated foodstuff. According to the transformation coef-
ficients from the national regulations [47–49], the formula and coefficients used for 
the conversion of the animal numbers and types in number of LUs (for each TAU) is:
  LU number = Cattle Number +  (Sheep Number × 0.15) +  (Goats Number × 0.15)  
            + Horses Number +  (Donkeys & Mules Number × 0.4)  (1)
Input data Data source
Permanent grassland polygons 
(GP)
Land parcel identification system from Romania [44]
The polygons of territorial 
administrative units (TAU)
http://geoportal.ancpi.ro/geoportal
The polygons of N2000 Sites of 
Community Importance (ROSCI)
http://www.mmediu.ro/articol/date-gis/434
Digital elevation model (DEM 
25 m)
Digital elevation model over Europe (EU-DEM) 
https://www.eea.europa.eu/data-and-maps/data/
copernicus-land-monitoring-service-eu-dem#tab-gis-data
Livestock numbers and types 
from TAUs
National Statistics Institute of Romania—The General Agricultural 
Census 2010 [34]
Coefficients for the 
transformation of different 
animal types in livestock units 
(LU)
The official regulations in Romania regarding the methodology for the 
evaluation of the optimal livestock density per hectare [45, 46]
Optimal livestock density for 
socioeconomic production 
(OLD_E)
The official regulations in Romania regarding the grazing 
management plans and grassland experts [47–49]
Optimal livestock density 
for biodiversity conservation 
(OLD_B)
The upper limit/level for the optimal livestock density recommended 
by various studies for biodiversity conservation in Central and 
Southeastern European countries [21, 50–54]
Table 1. 
The input data for spatial modeling of the deviations from the optimal livestock density within and outside the 
N2000 sites from Romania.
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The total livestock density (LD) measures the stock of animals, expressed in 
LU, per hectare of permanent grasslands. LD was calculated considering the total 
number of LUs from each TAU divided by the total area of permanent grassland of 
the respective TAU. Since there are no available data regarding the spatial distribu-
tion of the LD within each TAU from Romania, the LD (LU/ha) was calculated for 
the permanent grassland area of each TAU. Also, this approach is supported by the 
fact that a single grazing management plan is designed for all grassland parcels at 
the TAU level [45].
The difference between the current LD of a grassland and the optimum live-
stock density for the respective area and conditions represents the deviation from 
OLD. The equation for generating the deviation from optimum livestock density 
(DEVOLD) in each grassland polygon is:
  DE  V OLD =  LD × 100 ________OLD − 100  (2)
LD is the livestock density as livestock units/hectare (LU/ha); OLD is the 
optimum livestock density for the grassland polygon.
The areas where the deviation from the DEVOLD is at most plus or minus 10% are 
considered not impacted. The fragments of grassland habitats where the DEVOLD 
is between 10.1 and 50% (plus or minus) are considered partially impacted. Those 
where DEVOLD is over 50% (plus or minus) are considered to be subject to a major 
impact, and degraded because of inappropriate livestock densities [48, 49]. Impact 
and degradation can be caused both by overgrazing and abandonment. In the first 
case, the grass cover decreases and allows the expansion of ruderal species that are 
good competitors but have a low forage value, or, worse, the soil is stripped of veg-
etation, favoring erosion. In the second case, the abandonment of grassland usage 
(as pasture or hayfield) is also harmful, resulting in shrub invasion which decreases 
grassland biodiversity and finally in the establishment of forest habitats.
Two scenarios were considered for the grassland habitats included in the N2000 
ROSCIs. The first one, which was applied for all the grassland habitats of Romania, 
employs an optimum livestock density considered suitable for the grassland habitat 
areas with predominant socioeconomic purpose (OLD_E). OLD_E was synthesized 
from the Guidelines for Elaborating the Grazing Management Plans [47] that takes 
into account the different ecological and production characteristics of the various 
grassland habitat types. As a consequence, for each of the three main altitude belts 
of Romania, a specific OLD (LU/ha) was assigned, as follows: 0.46 (20–200 m 
a.s.l.), 0.6 (201–800 m a.s.l.), and 0.9 (801–2544 m a.s.l.).
The second scenario analyzes the prospect of using a lower OLD, favoring bio-
diversity conservation (OLD_B), for the grasslands situated within N2000 ROSCIs, 
where lower intensity grazing is recommended [21, 50–54]; in the case of OLD_B, 
the value of 0.45 LU/ha [21] was employed, although the large range of elevations 
and ecological conditions from the territory of Romania might require more specific 
values for different grassland types and altitude belts.
3. Results and discussions
The assessment and mapping of the deviation from the grazing carrying capacity 
were carried out within an area of 33529.42 km2 that corresponds to the permanent 
grasslands from Romania. Our results indicate that 17.34% (5814.75 km2) of these 
grasslands are situated within the N2000 ROSCIs (Figure 2). This indicates an 
important overlap between domestic livestock husbandry and nature conservation 
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within ROSCIs, both supported by the EU within the rural, regional, and environ-
mental development policies. The grazing livestock types (cattle, sheep, goats, horses, 
donkeys, and mules) from each TAU, presented in Figure 2, depend on these grass-
land habitats, which are the most important resource for livestock production systems 
[34]. It is estimated that permanent grasslands provide at least 60% of the forage 
necessary for cattle and 80% for sheep [49]. The livestock density is considered to 
be one of the most relevant indicators of grassland degradation status, being strictly 
connected to both the socioeconomic factors and the ecological carrying capacity of 
grassland habitats. Overstocking permanent grasslands as well as understocking them 
until abandonment impacts them and, at high intensities, causes their degradation.
However, the time span between successive grazing events may also be very 
important besides LD and grazing intensity [31, 55], but it is very difficult to 
quantify and map at large scale for each individual grassland polygon. Modeling 
the livestock data reported at the TAU level for evaluating the LD and DEVOLD is the 
best alternative for the available data, although it has the limitation of assigning the 
same values and status for all the grasslands within a TAU.
Figure 2. 
Livestock distribution in the territorial administrative units from Romania (a). The permanent grassland 
habitats and the limits of the N2000 Sites of Community Importance from Romania (b).
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The geoprocessing steps that were performed and integrated into ModelBuilder 
in order to identify the status of each grassland polygon regarding the DEVOLD 
are presented in Figure 3. In the first stage, all the input data were processed at 
the national level. The current LUs and subsequently the LD (LUs/ha), OLD, and 
DEVOLD were derived for each grassland polygon based on the OLD_E values recom-
mended for each of the three altitude belts from Romania (Figure 3a). In the second 
stage, the resulting grasslands–DEVOLD_E dataset was intersected with the limits of 
ROSCIs in order to analyze the status of the grassland habitats included within these 
protected areas (Figure 3b). Subsequently, in the third stage, the OLD_B value was 
input into the model as an alternative to OLD_E for the grassland habitats included 
in ROSCIs (Figure 3c). The developed GIS toolbox with the OLD model is flexible, 
allowing to easily test a different OLD or to be adapted for any similar case study. 
As mentioned above, the results obtained from the model are an approximation 
that considers the LD as having a uniform distribution throughout all the grassland 
habitats from each TAU. Although the situation within individual grassland parcels 
might be different, on average it is accurate at the TAU level, particularly taking 
into account the spatial and temporal dynamics of grazing, the high probability 
Figure 3. 
The models generated for the analysis of the (a) grassland habitats at the national level, using deviations 
from the optimal livestock for socioeconomic production (OLD_E); (b) grassland habitats from the N2000 
SCIs, using deviations from the optimal livestock for socioeconomic production (OLD_E); and (c) grassland 
habitats from the N2000 SCIs, using deviations from the optimal livestock for biodiversity conservation 
(OLD_B).
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of livestock grazing within the TAU of their owners, and the grazing management 
plans which are designed at the TAU level.
The assembly of the input data within the OLD model and the used spatial 
analysis tools are presented below for the grassland habitats situated within and 
outside protected areas (Figure 3).
3.1  Case scenario 1: status of the grassland habitats with the optimal livestock 
density for sustainable economic production (OLD_E)
This scenario considers the values of the optimal livestock density (carry-
ing capacity) recommended by the Romanian grassland experts for sustainable 
economic production of biomass [47–49]. Most grazing management studies and 
textbooks recommend different optimal LDs (stocking rates), but they generally 
tend to increase with altitude following the available plant biomass.
For the analyzed grassland polygons of Romania (33529.42 km2), the deviation 
of the existing livestock density from the OLD_E (Figure 4) results in 52.45% of the 
grassland area being degraded (major impact, current LD with more than 50% over 
or under OLD_E). The LD was much higher than the carrying capacity (overgrazing 
impact) for 44.05% of the area, with 8.40% of the area being impacted by abandon-
ment, the LD being far under the OLD. Of the 39.25% grassland habitat area that is 
partially impacted (10.1–50% over or under the CC), 23.94% has an LD under the 
optimal value, while 15.31% is moderately overgrazed. At the national level, only 8.28% 
Figure 4. 
The spatial distribution of impact and degradation at the national level caused by the deviations from grazing 
optimum for the socioeconomic production scenario; the deviation classes, status, their percentage, and area at 
the national level.
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of the permanent grassland area is not impacted with regard to the carrying capacity, 
the LD being within the interval of 10% over to 10% under the optimal value, 3.37% 
being partly overgrazed, while 4.91% of this area being used slightly below the optimal 
intensity. Although the obtained results concerning the LD distribution and deviation 
from OLD are consistent with other studies that evaluate the grassland status from 
Romania [31, 32, 48, 56], they are only supported by the livestock statistical reports, 
field data regarding the habitat status not being available yet. Validation by grassland 
experts in the field was only performed for one TAU (Zăvoi) [48] for a model that used 
the same dataset (livestock units within the permanent grassland polygons of a TAU) 
to extract the livestock density classes and evaluate the grassland status.
When analyzing the situation of the grassland polygons that are within N2000 
ROSCIs, the percentage of the degraded area is 50.33%, slightly lower than at the 
national level (Figure 5). Of this, 30.52% represents areas prone to degradation 
from intense overgrazing (the current LD being far over the OLD), while in 19.81% 
of the area degradation is caused by abandonment. The proportion of partially 
impacted grasslands is slightly larger within the N2000 sites than at the national 
level, reaching 42.99% of the total area. Most of these grasslands are undergoing 
moderate abandonment (28.86%), while moderate overgrazing affects an area only 
half as large (14.13%). A smaller proportion of the ROSCI grasslands—6.68%—are 
not impacted with regard to this criterion than at the national level. Of these grass-
lands, those experiencing minor overgrazing and the ones with slight abandonment 
have similar percentages, 3.22% and 3.46%, respectively.
Figure 5. 
The spatial distribution of impact and degradation within the N2000 ROSCIs caused by the deviations from 
grazing optimum for the socioeconomic production scenario; the deviation classes, status, their percentage, and 
area at the national level.
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3.2  Case scenario 2: status of the grassland habitats with the optimal livestock 
density for biodiversity conservation (OLD_B)
For the grasslands included in N2000 ROSCIs, a lower livestock density might be 
recommendable that has been shown to maintain and enhance biodiversity in simi-
lar contexts from Central and Southeastern Europe [21, 50–54]. For the analysis, the 
value of 0.45 LU/ha was tested, the recommended LD for biodiversity conservation 
being under 0.5 [21, 50–54]. However, the large range of elevations and ecological 
conditions from Romania might require more specific values for different grassland 
types and altitude belts if a more accurate evaluation is desired. In the perspective 
of this lower optimum LD (Table 2), an 8% increase in the proportion of degraded 
N2000 grasslands appears (to 58.49%), the major impact source being overgrazing, 
50.46%, while abandonment contributes with only 8.03% to degradation. The per-
centage of partially impacted grassland areas is lower than in the previous scenario 
by 33.35%, while overgrazing and abandonment have almost equal importance in 
this case (17.91% and 15.44%, respectively). In this scenario, the percentage of the 
area not impacted is 8.15%, very similar to the nationwide figure for all the grass-
lands. Of this area, 4.41% is lightly overgrazed, while 3.74% is used slightly below 
the optimal intensity.
It appears that in the case of the grasslands from N2000 sites, which are 
important for biodiversity conservation, under the existing LD conditions, a lower 
optimal LD can be proposed without generating widespread conflicts between 
the socioeconomical activities and nature conservation. Since the major impacts 
include both overexploitation and abandonment, in some neighboring TAUs that 
experience opposite tendencies, sharing the grassland resources and a better distri-
bution of the livestock may be a first, easier step to improve grassland degradation 
status (Figure 6). Our results regarding the areas free from overgrazing are consis-
tent with other studies which revealed that the spatial (geographical) distribution 
of grazing may be as important as the LD [24, 57, 58]. This means that, beyond good 
local management of grazing, an optimized, larger scale of grazing management is 
needed as well. When viewed at a regional scale such as TAUs, where we graze may 
be as important as how we graze.
DEVOLD Grassland habitat status DEVOLD_E in 
ROSCIs (%)
DEVOLD_B in 
ROSCIs (%)
Difference
−10 to 0% No impact—slight 
abandonment
3.46 3.74 0.28
0 to 10% No impact—minor 
overgrazing
3.22 4.41 1.19
−50 to 
−10.1%
Partial impact—moderate 
abandonment
28.86 15.44 −13.42
10.1 to 50% Partial—moderate 
overgrazing
14.13 17.91 3.78
≤50% Major impact 
(degraded)—abandonment
19.81 8.03 −11.77
>50% Major impact 
(degraded)—overgrazing
30.52 50.46 19.93
No data No data 0.01 0.01 0.00
Table 2. 
Comparison of DEVOLD percentages between the socioeconomic and biodiversity-focused scenarios in ROSCIs.
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However, most grasslands in the Eastern European socioeconomic region, 
similarly to other regions of Europe, within or outside the protected areas, were 
created and are maintained (along with their biodiversity) by an extensive form of 
management [4, 21, 59].
4. Conclusions
Since grassland habitats are very important for both socioeconomical and 
biodiversity reasons, their continuous degradation is a significant and urgent 
matter. Of the degradation factors, their use for forage/fodder and particularly 
the livestock density within the grasslands are highly relevant. This is also true for 
Romania, which hosts grassland habitats that are among the most extensive and 
diverse from the EU and where data regarding the impact of livestock density that 
deviates from the optimal value are not available. By combining environmental 
conservation data and agricultural statistics within a GIS, this paper assessed the 
grazing livestock density and the subsequent deviations from the optimal grass-
land carrying capacity within and outside the N2000 sites in order to highlight 
the areas with higher risk of impact and degradation and help monitor them. The 
extensive area analyzed, 33529.42 km2, corresponds to all the permanent grass-
lands from Romania. The results indicate that more than half of this area is subject 
to a major impact and degraded, most of it from overgrazing. Only less than 10% 
of the permanent grassland area is not impacted by grazing livestock. Of the total 
Figure 6. 
The spatial distribution of impact and degradation within the N2000 ROSCIs caused by the deviations from 
grazing optimum for the biodiversity conservation scenario; the deviation classes, status, their percentage, and 
area at the national level.
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national grassland area, 5815.75 km2 (17.34%) of grasslands were determined to be 
situated within N2000 Sites of Community Importance, indicating the substantial 
presence within these protected areas of agricultural activities that are supported 
within the rural and regional European development policies. The major impact—
degraded area—is slightly lower than at the national level by 50.34%, and within 
the N2000 grasslands abandonment is more important as an impact factor than 
at the national level. Given the high percentage of N2000 grassland habitats that 
are prone to major impact and degradation, the use of the lower, conservation- 
oriented optimal LD (of 0.45 LU/ha) is recommendable in their case. In this 
scenario, although the proportion of the strongly impacted-degraded N2000 is 
very similar (49.82%), the cause of degradation shifts toward a predominance 
of overgrazing, implying a need to reduce the livestock density in these areas. 
The simplest and most straightforward solution therein is to optimize the spatial 
distribution of the LD, particularly where neighboring TAUs experience opposite 
tendencies, abandonment vs overgrazing.
As a further approach, the spatial patterns of grazing intensity presented in 
the study allow to identify the areas where the intensity of agricultural practices 
is divergent from optimum and particularly where these and nature conservation 
efforts overlap. The detailed statistics obtained may serve as a basis for the design of 
optimized grazing and protection measures to prevent grassland degradation. This 
insight could further support policies aiming at a future conflict-free combination 
of agricultural production and nature conservation. The developed GIS toolbox 
can be used for environmental conflict anticipation and subsequent management 
of the grassland habitats so that both socioeconomic and conservation targets are 
achieved, being particularly useful in the case of protected areas. Although the 
analysis is focused on the Romanian grasslands, the model can be easily adapted to 
be used for similar situations abroad.
Acknowledgements
This study was supported by the following projects: SIPOCA22-Developing the 
administrative capacity of the Ministry of Environment to implement the biodiver-
sity policies; PN-III-P4-ID-PCE-2016-0711 and Ctr. No. 22 PDI-PFE/2018 financed 
by the Ministry of Research and Innovation through UEFISCDI, and PN2019-
2022/19270201-Ctr. No. 25N BIODIVERS 3-BIOSERV.
Conflict of interest
The authors declare no conflict of interest.
Notes/thanks/other declarations
Anamaria Roman, Tudor-Mihai Ursu, Irina Onțel, and József Pál Frink sub-
stantially contributed to the conception and design of this work. Teodor Marușca, 
Oliviu Grigore Pop, Sretco Milanovici, Alexandru Sin-Schneider, Carmen 
Gheorghe, Sorin Avram, and Sorina Fărcaș contributed to the data acquisition and 
interpretation. Anamaria Roman, Tudor-Mihai Ursu, and Irina Onțel performed 
the analysis and prepared the first draft of the manuscript. All authors participated 
in the final drafting of the work. All authors approve the final version of the work to 
be published.
Habitats of the World - Biodiversity and Threats
14
© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
Author details
Anamaria Roman1, Tudor-Mihai Ursu1*, Irina Onțel2, Teodor Marușca3,  
Oliviu Grigore Pop4, Sretco Milanovici5, Alexandru Sin-Schneider6,  
Carmen Adriana Gheorghe6, Sorin Avram6,7, Sorina Fărcaș1 and József Pál Frink8
1 Institute of Biological Research Cluj, National Institute of Research and 
Development for Biological Sciences, Cluj-Napoca, Romania
2 National Meteorological Administration, Bucharest, Romania
3 Grassland Research and Development Institute, Brașov, Romania
4 Foundation Conservation Carpathia, Brașov, Romania
5 National Museum of Banat, Natural Science Section, Timișoara, Romania
6 National Institute of Economic Research “Costin C. Kirițescu”,  
Romanian Academy, Bucharest, Romania
7 Geography Department, University of Craiova, Craiova, Romania
8 National Institute for Research and Development in Forestry “Marin Drăcea”, 
Cluj-Napoca, Romania
*Address all correspondence to: tudor.ursu@icbcluj.ro
15
Deviation from Grazing Optimum in the Grassland Habitats of Romania Within…
DOI: http://dx.doi.org/10.5772/intechopen.85734
References
[1] White R, Murray S, Rohweder 
M. Pilot Analysis of Global 
Ecosystems: Grassland Ecosystems. 
Washington, D.C.: World Resources 
Institute; 2000. p. 81
[2] Gibson DJ, editor. Grasses and 
Grassland Ecology. New York: Oxford 
University Press; 2009. p. 323
[3] Vitousek PM. Grassland ecology: 
Complexity of nutrient constraints. 
Nature Plants. 2015;1:1-2. DOI: 10.1038/
nplants.2015.98
[4] Dengler J, Janišová M, Török P, 
Wellstein C. Biodiversity of palaearctic 
grasslands: A synthesis. Agriculture, 
Ecosystems and Environment. 
2014;182:1-14. DOI: 10.1016/j.
agee.2013.12.015
[5] Houlton BZ, Wang Y-P, Vitousek 
PM, Field CB. A unifying framework 
for dinitrogen fixation in the terrestrial 
biosphere. Nature. 2008;454:327-330. 
DOI: 10.1038/nature07028
[6] O’Mara FP. The role of grasslands 
in food security and climate change. 
Annals of Botany. 2012;110(6): 
1263-1270. DOI: 10.1093/aob/mcs209
[7] Chang J, Viovy N, Vuichard N, 
Ciais P, Campioli M, Klumpp K, et al. 
Modeled changes in potential grassland 
productivity and in grass-fed ruminant 
livestock density in Europe over 1961-
2010. PLoS One. 2015;10(e0127554): 
1-30. DOI: 10.1371/journal.pone.0127554
[8] Hopkins A, Holz B. Grassland for 
agriculture and nature conservation: 
Production, quality and multi-
functionality. Agronomy Research. 
2006;4(1):3-20
[9] Werling BP, Dickson TL, Isaacs R,  
Gaines H, Gratton C, Gross KL, 
et al. Perennial grasslands enhance 
biodiversity and multiple ecosystem 
services in bioenergy landscapes. 
Proceedings of the National Academy 
of Sciences of the United States of 
America. 2014;111(4):1652-1657. DOI: 
10.1073/pnas.1309492111
[10] Lehn F, Bahrs E. Land-use 
competition or compatibility between 
nature conservation and agriculture? 
The impact of protected areas on 
German standard farmland values. 
Sustainability. 2018;10(4):1-20. DOI: 
10.3390/su10041198
[11] Squires VR, Feng H, Hua L. What 
future for the World’s grasslands under 
global (not only climate) change? 
In: Squires VR, Dengler J, Feng H, 
Hua L, editors. Grasslands of the 
World: Diversity, Management and 
Conservation. London: CRC Press 
Taylor & Francis Group; 2018. pp. 390-
406. DOI: 10.1201/9781498796262
[12] Wick AF, Geaumont BA, Sedivec 
KK, Hendrickson J. Grassland 
degradation. In: Shroder JF, Sivanpillai 
R, editors. Biological and Environmental 
Hazards, Risks, and Disasters. London: 
Elsevier; 2016. pp. 257-276. DOI: 
10.1016/B978-0-12-394847-2.00016-4
[13] Gang C, Zhou W, Chen Y, Zhaoqi W, 
Sun Z, Li J, et al. Quantitative 
assessment of the contributions of 
climate change and human activities 
on global grassland degradation. 
Environment and Earth Science. 
2014;72:4273-4282. DOI: /10.1007/
s12665-014-3322-6
[14] Cai H, Yang X, Xu X. Human-
induced grassland degradation/
restoration in the central Tibetan 
plateau: The effects of ecological 
protection and restoration projects. 
Ecological Engineering. 2015;83:112-119. 
DOI: 10.1016/j.ecoleng.2015.06.031
[15] Andrade BO, Koch C, Boldrini II, 
Vélez-Martin E, Hasenack H,  
Habitats of the World - Biodiversity and Threats
16
Hermann JM, et al. Grassland 
degradation and restoration: A 
conceptual framework of stages and 
thresholds illustrated by southern 
Brazilian grasslands. Nature 
Conservation. 2015;13(2):95-104. DOI: 
10.1016/j.ncon.2015.08.002
[16] Gartzia M, Pérez-Cabello F, 
Bueno GC, Alados C. Physiognomic 
and physiologic changes in mountain 
grasslands in response to environmental 
and anthropogenic factors. Applied 
Geography. 2016;66:1-11. DOI: 
10.1016/j.apgeog.2015.11.007
[17] Wen L, Dong S, Li Y, Li X, Shi J, 
Wang Y, et al. Effect of degradation 
intensity on grassland ecosystem 
services in the Alpine Region of 
Qinghai-Tibetan plateau, China. PLoS 
One. 2013;8(3):1-7. DOI: 10.1371/
journal.pone.0058432
[18] Isbell FI, Craven D, Connolly J, 
Bonin C, Bruelheide H, De Luca E, et al. 
Biodiversity increases the resistance 
of ecosystem productivity to climate 
extremes. Nature. 2015;526(7574): 
574-577. DOI: 10.1038/nature15374
[19] Craine JM, Nippert JB, Elmore AJ, 
Skibbe AM, Hutchinson SL, Brunsell 
NA. Timing of climate variability and 
grassland productivity. Proceedings 
of the National Academy of Sciences 
of the United States of America. 
2012;109(9):3401-3405. DOI: 10.1073/
pnas.1118438109
[20] Zhang C, Wang X, Li J, Hua T. 
Roles of climate changes and human 
interventions in land degradation: A 
case study by net primary productivity 
analysis in China’s Shiyanghe Basin. 
Environment and Earth Science. 
2011;64:2183-2193. DOI: 10.1007/
s12665-011-1046-4
[21] Török P, Janišová M, Kuzemko A, 
Rusina S, Stevanovic ZD. Grasslands, 
their threats and management in Eastern 
Europe. In: Squires VR, Dengler J,  
Feng H, Hua L, editors. Grasslands 
of the World: Diversity, Management 
and Conservation. London: CRC 
Press Taylor & Francis Group; 2018. 
pp. 64-88. DOI: 10.1201/9781498796262
[22] Papanastasis VP, Kyriakakis S, 
Kazakis G. Plant diversity in relation to 
overgrazing and burning in mountain 
Mediterranean ecosystems. Journal of 
Mediterranean Ecology. 2002;3(2):53-63
[23] Török P, Dengler J. Palaearctic 
grasslands in transition: Overarching 
patterns and future prospects. In: 
Squires VR, Dengler J, Feng H, 
Hua L, editors. Grasslands of the 
World Diversity, Management and 
Conservation. London: CRC Press 
Taylor & Francis Group; 2018. pp. 15-26. 
DOI: 10.1201/9781498796262
[24] Wiesmair M, Feilhauer H, Magiera 
A, Otte A, Waldhardt R. Estimating 
vegetation cover from high-resolution 
satellite data to assess grassland 
degradation in the Georgian Caucasus. 
Mountain Research and Development. 
2016;36(1):56-65. DOI: 10.1659/
MRD-JOURNAL-D-15-00064.1
[25] Başnou C, Pino J, Šmilauer P. Effect 
of grazing on grasslands in the Western 
Romanian Carpathians depends on the 
bedrock type. Preslia. 2009;81(2):91-104
[26] Chang J, Ciais P, Herrero M, 
Havlik P, Campioli M, Zhang X, et al. 
Combining livestock production 
information in a process-based 
vegetation model to reconstruct the 
history of grassland management. 
Biogeosciences. 2016;13:3757-3776. DOI: 
10.5194/bg-13-3757-2016
[27] Kuemmerle T, Müller D, Griffiths 
P, Rusu M. Land use change in 
southern Romania after the collapse 
of socialism. Regional Environmental 
Change. 2009;9(1):1-12. DOI: 10.1007/
s10113-008-0050-z
[28] Munteanu C, Kuemmerle T, 
Boltiziar M, Butsic V, Kaim D, Király G,  
17
Deviation from Grazing Optimum in the Grassland Habitats of Romania Within…
DOI: http://dx.doi.org/10.5772/intechopen.85734
et al. Forest and agricultural land 
change in the Carpathian region—A 
meta-analysis of long-term patterns 
and drivers of change. Land Use Policy. 
2014;38:685-697. DOI: 10.1016/j.
landusepol.2014.01.012
[29] European Environmental Agency. 
Estimating the Environmentally 
Compatible Bioenergy Potential 
from Agriculture. EEA Technical 
Report. 2007. Available from: https://
www.eea.europa.eu/publications/
technical_report_2007_12
[30] Cooper T, Hart K, Baldock 
D. Provision of Public Goods through 
Agriculture in the European Union. 
EC Final Report. 2009. Available from: 
https://ec.europa.eu/agriculture/sites/
agriculture/files/external-studies/2009/
public-goods/report_en.pdf
[31] Neumann K, Elbersen BS, Verburg 
PH, Staritsky I, Perez-Soba M, de 
Vries W, et al. Modelling the spatial 
distribution of livestock in Europe. 
Landscape Ecology. 2009;24:1207-1222. 
DOI: 10.1007/s10980-009-9357-5
[32] Huyghe C, De Vliegher A, VVan Gils 
B, Peeters A, editors. Grasslands and 
Herbivore Production in Europe and 
Effects of Common Policies. Versailles: 
Quae; 2014. p. 323
[33] CLC2012. Corine Land Cover 2012 
(CLC 2012); Romania. Country Fact 
Sheet. 2017; Romania. Available from: 
https://www.eea.europa.eu/themes/
landuse/land-cover-country-fact-sheets/
ro-romania-landcover-2012.pdf/view
[34] NSIR. Recensământul General 
Agricol 2010. 2011. Available from: 
http://www.insse.ro/cms/ro/content/
recensamantul-general-agricol-2010
[35] Coldea G, Filipaș L, Fărcaș S, Stoica 
IA, Ursu TM, Pop A. The relationship 
between the structure of grasslands 
from the north-eastern slope of the 
Vlădeasa massif and socio-economic 
activities. Contributii Botanice. 
2008;43:53-65
[36] Cristea V, Gafta D, Pedrotti 
F. Fitosociologie. Cluj-Napoca: Presa 
Universitară Clujeană; 2004. p. 394
[37] Vassilev K, Ruprecht E, Alexiu 
V, Becker T, Beldean M, Biță-Nicolae 
C, et al. The Romanian grassland 
database (RGD): Historical background, 
current status and future perspectives. 
Phytocoenologia. 2018;48(1):91-100. 
DOI: 10.1127/phyto/2017/0229
[38] Sutcliffe LME, Batáry P, Kormann 
U, Báldi A, Dicks LV, Herzon I, et al. 
Harnessing the biodiversity value of 
central and eastern European farmland. 
Diversity. 2015;21:722-730. DOI: 
10.1111/ddi.12288
[39] Doniță N, Popescu A, Paucă-
Comănescu M, Mihăilescu S, Biriș 
AI, editors. Habitatele din România. 
București: Editura Tehnică Silvică; 2005. 
p. 496
[40] Gafta D, Mountford JO, editors. 
Manualul de Interpretare a Habitatelor 
Natura 2000 din România. Cluj-Napoca: 
Risoprint; 2008. p. 104
[41] Coldea G, Oprea A, Sârbu I, Culiță 
S, Ștefan N. Les Association Végétales 
de Roumanie (Tome 2. Les associations 
anthropogènes). Cluj-Napoca: Presa 
Universitară Clujeană; 2012. p. 482
[42] Sârbu A, Coldea G, Negrean G, 
Cristea V, Hanganu J, Veen P. Grasslands 
of Romania. National Grasslands 
Inventory 2000-2003; University of 
Bucharest & KNNV. Bucharest: Ediura 
Alo; 2004. p. 58
[43] ESRI. ArcGIS Version 10.5. 2017
[44] LPISweb-PIAA. Romanian Land 
Parcel Identification System. Romania: 
Paying and Intervention Agency 
For Agriculture; 2017. Available 
from: http://www.apia.org.ro/files/
Habitats of the World - Biodiversity and Threats
18
pages_files/17-03-23-01-14-22GHID_
utilizare_IPA_ONLINE_2017.pdf
[45] Madr O. Ordinul nr. 544/2013 
Privind Metodologia de Calcul al 
Încărcăturii Optime de Animale 
pe Hectar de Pajişte. Monitorul 
Oficial2013. pp. 3-6. Available from: 
https://lege5.ro/Gratuit/gm3tcnzrha/
ordinul-nr-544-2013-privind-
metodologia-de-calcul-al-incarcaturii-
optime-de-animale-pe-hectar-de-pajiste
[46] Marușca T, Mocanu V, Cardașol V, 
Hermenean I, Blaj VA, Oprea G, et al. 
Ghid de Producere Ecologică a Furajelor 
de Pajiști Montane. Brașov: Editura 
Universității Transilvania din Brașov; 
2010. p. 176
[47] Marușca T, Mocanu V, Haș EC, Tod 
MA, Andreoiu AC, Dragoș MM, et al. 
Ghid de Întocmire a Amenajamentelor 
Pastorale. Brașov: Editura Copalavoro 
Brașov; 2014. p. 248
[48] Bărbos MI, Frink JP, Marușca T, 
Milanovici S, Onțel I, Sin A. Cartarea 
ecosistemelor de pajiști naturale și 
seminaturale degradate din România. 
In: Avram S, Croitoru A, Gheorghe 
C, Manta N, editors. Cartarea 
Ecosistemelor Naturale și Seminaturale 
Degradate. București: Editura 
Academiei Române; 2018. p. 232
[49] Marușca T, Bărbos MI, Blaj VA, 
Cardașol V, Dragomir N, Mocanu V, 
et al. Tratat de Reconstrucție Ecologică 
a Habitatelor de Pajiști și Terenuri 
Degradate Montane. Brașov: Editura 
Universității “Transilvania”; 2010. 
p. 359
[50] Barcella M, Filipponi F, Assini 
S. A simple model to support 
grazing management by direct field 
observation. Agriculture, Ecosystems 
and Environment. 2016;234:107-117. 
DOI: 10.1016/j.agee.2016.04.027
[51] Török P, Hölzel N, van Diggelen R, 
Tischew S. Grazing in European open 
landscapes: How to reconcile sustainable 
land management and biodiversity 
conservation? Agriculture, Ecosystems 
and Environment. 2016;234:1-4
[52] Török P, Valkó O, Deák B, Kelemen 
A, Tóth E, Tóthmérész B. Managing 
for species composition or diversity? 
Pastoral and free grazing systems in 
alkali steppes. Agriculture, Ecosystems 
and Environment. 2016;234(2015):23-30. 
DOI: 10.1016/j.agee.2016.01.010
[53] Török P, Penksza K, Tóth E, 
Kelemen A, Sonkoly J, Tóthmérész 
B. Vegetation type and grazing 
intensity jointly shape grazing effects 
on grassland biodiversity. Ecology and 
Evolution. 2018;8(20):10326-10335. 
DOI: 10.1002/ece3.4508
[54] Tóth E, Deák B, Valkó O, Kelemen 
A, Miglécz T, Tóthmérész B, et al. 
Livestock type is more crucial than 
grazing intensity: Traditional cattle and 
sheep grazing in short-grass steppes. 
Land Degradation & Development. 
2018;29(2):231-239. DOI: 10.1002/
ldr.2514
[55] Temme AJAM, Verburg 
PH. Mapping and modelling of 
changes in agricultural intensity in 
Europe. Agriculture, Ecosystems and 
Environment. 2011;140(1-2):46-56. 
DOI: 10.1016/j.agee.2010.11.010
[56] Schulp CJE, Levers C, Kuemmerle 
T, Tieskens KF, Verburg PH. Mapping 
and modelling past and future land use 
change in Europe’s cultural landscapes. 
Land Use Policy. 2019;80:332-344. DOI: 
10.1016/j.landusepol.2018.04.030
[57] Milchunas DG, Lauenroth 
WK. Quantitative effects of grazing 
on vegetation and soils over a global 
range of environments. Ecological 
Monographs. 1993;63(4):327-366. DOI: 
10.2307/2937150
[58] Yang X. Assessing responses of 
grasslands to grazing management using 
19
Deviation from Grazing Optimum in the Grassland Habitats of Romania Within…
DOI: http://dx.doi.org/10.5772/intechopen.85734
remote sensing approaches [thesis]. 
Saskatoon, Saskatchewan: University of 
Saskatchewan; 2012
[59] Loss J, Turtureanu PD, von Wehrden 
H, Hanspach J, Dorresteijn I, Frink 
JP, et al. Plant diversity in a changing 
agricultural landscape mosaic in 
southern Transylvania (Romania). 
Agriculture, Ecosystems and 
Environment. 2014;199:350-357. DOI: 
10.1016/j.agee.2014.10.013
